INTRODUCTION
Despite progress in our understanding of the phagocytic process, the actual mechanisms whereby human neutrophils kill microorganisms are incompletely understood. 'Myeloperoxidase (MPO)1 participates in some of these bactericidal and fungicidal processes, and the role of this enzyme in the microbicidal activity of intact normal neutrophils may be considerable for certain organisms (1) (2) (3) 1.6 ml, 0.4 ml of normal group AB serum, leukocytes sufficient to provide 4 X 106 neutrophils, Hanks' balanced salt solution9 and fungi. After the other components had been incubated together for 15 min at 37°C, fungi were added at ratios that approximated one CFU per two neutrophils in studies with mixed leukocyte populations and one CFU per five neutrophils in studies with purified neutrophil preparations. After addition of fungi, the tubes were thoroughly mixed and triplicate samples withdrawn for dilution, plating, and colony counting. The tubes were then incubated at 37°C while rotating end-over-end at 30 rpm. Additional triplicate samples were secured for colony counting after 45 min (in some experiments), 90 min, and 180 min of incubation. In experiments wherein the colony-count results were to be compared with the specific-staining method of evaluating candidacidal activity, samples were also removed after 150 min of incubation and slides were prepared, stained, and interpreted as previously described (7). Sabouraud's 2%o dextrose agar" was used in the colony-count experiments; the plates were incubated for 48-96 hr at 33°C to permit maximal colony development before being counted. Aniaerobic assays. Anaerobic assays were conducted in 15-ml polycarbonate plastic tubes with tightly fitting sleevetype rubber stoppers. The final volume in these tubes was 4.0 ml and contained leukocytes, fungi, and serum in the same relative proportions as were present in the aerobic experiments with purified neutrophils. The tubes were capped, and those to be rendered anaerobic were flushed for 30 min with a stream of highly purified nitrogen' that was passed through an alkaline solution of pyrogallol (8) and then through distilled water before entering the tubes via appropriately sized and placed needles. The fungi to be added were similarly capped, flushed with nitrogen, and inoculated into the assay tubes through the stopper with appropriate precautions to exclude contamination by room air. At intervals (45, 90, and 180 min) samples were withdrawn from the incubation mixtures by syringe, and these were diluted and prepared for colony counting as described above. Slides were prepared from the samples taken at 45 min and examined to evaluate the extent of phagocytosis.
At the conclusion of the experiment, the residual contents of representative tubes were found to have an oxygen tension less than 1%o that of air-saturated medium similarly tested in a Gilson Model KM oxygraph with a Clark electrode."2 To further confirm the adequacy of this technique of achieving anaerobiosis, leukocytes treated in an analogous manner were shown to have no stimulation of hexosemonophosphate shunt activity after ingestion of heat-killed Canzdida cells.
Quanttitative iodiniationt. The ability of normal or MPOdeficient neutrophils to iodinate ingested microorganisms was tested by a modification of the method of Pincus and Klebanoff (9) . The standard reaction mixture consisted of 2.5 x 106 neutrophils (prepared by the Hypaque-Ficoll method described above), 10% normal group AB serum, 10 nmoles of NaI (0.2 uCi of 'I), approximately 700 nmoles of glucose (including that added in the serum component), and calcium-free Krebs-Ringer phosphate buffer, in a final volume of 0.5 ml. To this were added the particles: 5 X 10' ' Grand Island Biological Co., Berkeley, Calif.
1Difco Laboratories, Detroit, Mich.
Hi-pure grade, Liquid Carbonic Division, General Dynamics Corp., New York.
aYellow Springs Instrument Co., Inc., Yellow Springs, Ohio.
A Second Mechanism of Candidacidal Activity by Human Neutrophils 2567 heat-killed C. albicans, or, in some experments, 3 X 106 viable C. parapsilosis. Tubes were incubated for 60 min and processed as described (9) .
Effect of hydrogen peroxide. The susceptibility of various Candida species to hydrogen peroxide was measured by minor modifications of a previously described technique (10) . Fungi were washed twice with, and then suspended in, distilled water. They were exposed to various concentrations of H202 in tubes containing, in a final volume of 0.5 ml, approximately 1 X 106 CFU of fungi, citrate-phosphate buffer (50 jumoles), and water. The reactions were started by adding H202 (or water), and the tubes were incubated for 45-60 min at 37°C. Colony counts were then obtained by the usual method. During the incubations with H202, the evolution of bubbles was noted with all species tested, indicating that all contained catalase.
RESULTS

Measurements of fungicidal activity
The first series of experiments was performed with mixed peripheral blood leukocytes. Although such preparations also contained monocytes and eosinophils, well over 90% of the added organisms were ingested by neutrophils. Accordingly, these studies were taken to indicate neutrophil function. The (Fig. 6) .
Sensitivity of the Candida s oxide. The likelihood that n neutrophils employed H202 itsel was examined indirectly by sti mined the susceptibilities of C. tropicalis, and the reference st: 820) to H202 (Fig. 7) . DISCUSSION Previous studies from this labor the ability of human neutrophil rives from the operation of a includes myeloperoxidase and 1 10). This system, originally de inhibited by azide (1) (11) , and its can exert microbicidal activity (14) . However We conclude, therefore, that a distinct microbicidal system in the human neutrophil exists that is independent of MPO, iodination, or the direct effects of endogenously generated H202. Narrowly interpreted, these data can provide an explanation for the ability of MPO-deficient neutrophils and those from patients with chronic granulomatous disease to kill certain species of Candida. More broadly interpreted, these studies should serve to redirect our attention to the importance of microbicidal systems in the human neutrophil that are not primarily dependent on the remarkable oxidative metabolic events that occur after phagocytosis.
